Objectives: This study is conducted to compare the three different frequency of the physical therapy application for knee osteoarthritis in female patients. Methods: Consecutive 89 female patients with knee osteoarthritis were randomized into three groups of physical therapy as twice-daily, once-a-day and alternate day, by computerized random number generator. We used Visual Analog Scale (VAS); to determine pain level, Western Ontario McMaster Osteoarthritis Index (WOMAC); to determine osteoarthritis (OA) severity, 10-meter walking test (WD); to determine walking speed and Short Form (SF-36) questionnaire; to determine the quality of life. All groups received a total of 10 physical therapy sessions including hot pack, therapeutic ultrasound (US) and transcutaneous electrical nerve stimulation (TENS). We evaluated subjects at the beginning, at the end of treatment and at the third month control at posttreatment period. Results: Improvement was observed in all groups after treatment (p < 0.05). While there was no significant difference in once-a-day treatment group at 3rd month control (p > 0.05), alternate day group showed a significant improvement (p < 0.05). Conclusions: In the treatment of knee osteoarthritis, usually once-a-day physical therapy approach is preferred in daily practice. Alternatively twice a day or alternate day therapies can be applicable.
stores structural changes; there are evident-based and non-evident-based treatment guidelines derived from various studies [9] . Conservative treatment includes pain killers, anti-inflammatory drugs, weight loss, exercise and physical therapy [10] . In optimal OA treatment pharmacological therapy is combined with physical therapy [5] [6] [7] [8] .
Physical therapy agents, which are one of nonpharmacological treatment modalities, are important due to side effects of pharmacological and surgical treatments. In literature, different practices can be seen about number and duration of sessions in physical therapy [11] . In our country, generally 10-20 sessions are administered in total, combining deep tissue heating, superficial heat and analgesic current once a day. Considering the current literature regarding our topic, there is no standardization of number, duration and frequencies of sessions in physical therapy studies. In this study, we evaluated treatment effectiveness of modalities with different frequencies.
METHODS
This study included 100 knee osteoarthritis patients who applied to Physical Therapy and Rehabilitation outpatient clinic and were diagnosed as knee osteoarthritis according to American College of Rheumatology (ACR) criteria. 11 patients lost followup and excluded from the study. Study was completed with 89 patients. The inclusion criteria were defined as mechanical knee pain lasting more than 6 months, stage I, II or III osteoarthritis radiography according to Kellgren-Lawrence Radiological Staging System, being able to walk 20 meters without help and age above 40 years. The exclusion criteria was setted as patients with >10° flexion contracture, >15°v arus/valgus deformity, knee operation history, enlarged varicose veins or skin lesions in the knee, lower extremity neuropathy, inflammatory, infectious, endocrinological, tumoral or severe decompensated systemicdisease, received intraarticular treatment in the last 3 months and received physical therapy in the last 1 year. Patients were randomized into three groups by a computerized random number generator. All patients received 10 total physical therapy sessions including hot pack, ultrasound (US), transcutaneous electrical nerve stimulation (TENS). First group received the therapy twice a day, second group once a day, and third group alternate day. Physical therapy program was administered as 20 minutes of hot pack for superficial heating, 10 minutes of 1 MHz, 1.5 watt US for deep tissue heating, 20 minutes of 100 Hz, 50 mAmp TENS for analgesic current. Treatments were administered by the same physiotherapist. Patients were told to use paracetamol up to 3000 mg/day in case of pain and record the tablet consumed. Sociodemographic data of patients were recorded. Evaluations were done before treatment, end of treatment and three months after the cessation of treatment by a physiatrist who was blind to the treatment group. Visual Analog Scale (VAS) was used to determine pain level, Western Ontario McMaster Index (WOMAC) [12] was used to determine OA severity, 10-meter walking test (WD) [13] was used to determine walking speed and Short Form 36 questionnaire (SF-36) [14] was used to determine quality of life.
This study was approved by local ethical committee of our hospital. All patients were informed about the aim of the study and written consent was obtained.
Statistical Analysis
Statistical analyses were performed with the SPSS software ver. 16 .0 (SSPS, Chicago, IL, USA). The type of the distribution was evaluated using the Kolmogorov-Smirnov test. Comparisons of the treatment groups were assessed with the Student's t or Mann-Whitney U test for continuous variables which one is appropriate. and with chi-square test for categorical variables. Differences between pre-and after treatment values of groups were evaluated with paired t-test or Wilcoxon Signed Rank Test which one is appropriate. Results were considered statistically significant if the two tailed p value was < 0.05.
RESULTS
All 89 patients were female. The mean age was 56.6 ± 10.4 (40-77) years. Education level of 68.5% were below 5 years and 86.5% were unemployed. Patients were stratified into three groups for treatment as twice a day (n = 29), once a day (n = 30) and alternate day (n = 30) by random number generator.
The groups showed no differences by age, body mass index (BMI), education level, occupation, smoking, duration of disease, previous treatments, comorbidities and radiological stages (p > 0.05). Table 1 shows demographic characteristics and also initial VAS, WOMAC and WD values of patients.
There was a significant improvement in pretreatment, post-treatment and control VAS scores (p < 0.001) and WOMAC total scores (p = 0.001) in twicea-day treatment group, while there was a significant improvement in pre-treatment and post-treatment WD (p = 0.002) became insignificant at 3rd month control (p = 0.050). While there was an improvement in pretreatment and post-treatment VAS scores (p = 0.011), and WOMAC total scores (p = 0.008) in once-a-day group, it became insignificant at the 3rd month control (p = 0.765, p = 0.457, respectively). Even though there was an improvement in pre-treatment, post-treatment and 3rd month control of WD in once-a-day group it was statistically insignificant (p = 0.191). In alternate day group, there was a significant improvement in pretreatment, post-treatment and control VAS scores (p < 0.001). A significant improvement was found in pretreatment, post-treatment and 3rd month control in both WOMAC total and WD scores (both p < 0.001).
There were no difference between pre-treatment and post-treatment VAS scores among groups (p = 0.547 and p = 0.153, respectively). But in the once-aday and alternate day treatment groups there were significant differences in the pre-treatment and 3rd When examining for SF-36 scores, there was no difference among groups. After analyzing intra-group pre-treatment, post-treatment and 3rd month scores there was a significant improvement only in SF-36 body pain and physical component scores of twice a day group (p = 0.004 and p = 0.012, respectively). Other parameters of SF-36 showed no significant difference.
DISCUSSION
Pain is the most common and debilitating complaint in patients with OA. Aim of knee OA treatment is to reduce pain and eburnation of joint, preserve and improve joint mobility, minimize physical limitations, improve quality of life, prevent further joint destruction and inform about prognosis and results of the disease. Gastrointestinal and cardiac side effects of pharmacological agents used in the treatment are important subjects. Physical therapy agents should be administered to prevent these side effects of NSAIDs. Physiotherapy is a recommended non-pharmacological form of treatment in knee OA by European League Against Rheumatism (EULAR) and Osteoarthritis Research Society International (OARSI) [5, 7] . Most commonly used physical therapy agents are superficial heating (hot pack-infrared radiation), TENS and deep tissue heating (short wave diathermy, US) [11, 15, 16] . In our clinical practice, these agents are usually administered separately or in combination in one or 2 sessions per day. In literature 2 or 3 sessions per week are common. In this study, we evaluated the effectiveness of most common physical therapy agents such as TENS, hot pack and US combination treatments in different frequencies. We achieved our goal of pain reduction, improvement of functionality and quality of life in OA treatment among all 3 treatment groups.
In literature, especially therapeutic US and TENS studies are very common [17] [18] [19] [20] [21] . TENS is a cheap and non-invasive modality with extensive use in several kinds of pain. Previous studies showed that TENS increases pain threshold due to pressure and heat in healthy individuals [22] [23] [24] and also reduces pain due to mechanic causes and heat in animals [25] . In the systematic review of Osiri et al. [26] , it was shown that TENS is effective in reducing pain of knee OA. Also in another meta-analysis [27] , a substantial amount of pain reduction was shown with TENS in knee OA.
US is a deep tissue heating modality with analgesic and anti-spasmodic effects on muscles. It is a mechanical energy generated by high-frequency sound waves and can be applied as continue or pulse forms. While pulse US generates non-thermal effects, continue US generates thermal effects. Its analgesic effect originates from thermal and non-thermal effects [28] . Loyola-Sanchez et al. [29] made a meta-analysis about improvement of physical function and pain reduction in knee OA and showed that US reduced pain by %21 comparing to control group. Although it is commonly used in the treatment of knee OA, there is no consensus about dosage, frequency and duration of US treatment in the literature. In the study of Huang et al. [30] , which compares intermittent US treatment with sham US in knee OA, 60 patients received 3 sessions per week for 4 weeks, 12 sessions in total. Tascioglu et al. [31] compared two different doses of US and sham US, 90 patients received 5 sessions per week for 2 weeks, 10 sessions in total. In the randomized study of Eyigor et al. [32] , which analyzes efficacy of superficial hot, exercise treatment, TENS and US, 45 patients received 5 sessions per week for 3 weeks, 15 treatment session in total. Falconer et al. [33] searched the effect of US on knee OA and contracture, patients received 2-3 sessions/week for 4-6 weeks. As one can see, all these studies are conducted with different session numbers and frequencies. National studies [31, 32] used once a day approach as in second group in our study, while foreign studies [30, 33] used every other day approach as in third group in our study.
As seen in literature, there are studies with different treatment session numbers and frequencies.
The primary objective of our study was to observe if the success of physical therapy liable to the frequency of the treatment sessions, not the number of sessions; so all groups received 10 sessions of therapy. However, to our knowledge there is no study to research comparing different intervals of therapy to treatment success. In this study, we observed a significant improvement in 3rd month control results of both twice a day and alternate day treatment groups. Improvement of post-treatment parameters in once-aday treatment group did not persist in 3rd month control. Improvement was observed in all groups in terms of walking speed, pain level, functionality and quality of life after treatment, but this improvement was not statistically important. We did not see this improvement at 3rd month control of once a day group. We can attribute the excess use of parasetamols in this group to this situation. Improvement in pain and functional status in twice a day group continued at 3rd month of therapy but there was no difference in walking speed. Improvement in all treatment parameters was seen in alternate day group, and the best improvements was seen in alternate day group. Physical therapy agents, especially heat and cold applications, creates stress on body and human organism activates an adaptation mechanism against this stress. These reactions against stress called 'general Adaptation Syndrome'. First response of body when it encounters stres called 'alarm period' and this period tooks 48 hours. For body adaptation to physical therapy agents and also for tissue repair this alarm period should be passed [34] . We can explain the effect of daily after treatment by this way.
Limitations
Most important limitation of our study is the small number of subjects. A further study with larger case series and control group is required. Our patient cohort constituted only by consecutive female patients with bilateral knee OA. Even though this limitation prevented us to compare the gender difference, it increased the homogeneity of the cohort.
CONCLUSION
Physical therapy is a cheap and reliable treatment method with proven-efficacy. In literature, there is no study to show at which frequencies physical therapy approaches are more effective. Our aim is not to question a method with proven-efficacy but to find out at which frequency treatment is more effective. To our knowledge, this is the first study in literature on this topic. In the treatment of knee osteoarthritis, mostly once-a-day physical therapy approach is administered in daily practice. As a result, even though larger studies with high number of patients are necessary, alternate day treatment provided an effective treatment modality with consuming less time and thus reduce cost and labor loss.
